Introduction
Our technique to treat a biconcave glenoid (severe B2 subtype [ Fig. 1 ]) with reverse total shoulder arthroplasty corrects the humeral head subluxation and associated posterior glenoid bone loss, both of which are difficult to address with a conventional anatomic arthroplasty procedure [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] .
Multiple authors have found unsatisfactory results with conventional total shoulder replacement in this setting [1] [2] [3] [4] [5] [6] [7] [8] [9] . Most recently, one of us (G.W.) and colleagues reported on ninety-two anatomic total shoulder arthroplasties in the setting of a biconcave glenoid and demonstrated acceptable objective and subjective results but an unacceptably high rate of complications 11 . At a mean of seventy-seven months postoperatively, radiographic loosening of the glenoid component was observed in 20.6% of the cases and posterior instability occurred in 5.5%. When preoperative glenoid retroversion was ≥27°, there was a 44% rate of loosening or instability with use of an anatomic total shoulder replacement combined with asymmetric reaming in most cases, seven of which required structural bone graft. Similarly, 60% of the postoperative dislocations occurred in patients in whom preoperative subluxation of the humeral head had been ≥80%.
Reverse shoulder arthroplasty is most commonly indicated for glenohumeral arthritis with severe rotator cuff insufficiency. Yet, features of the reverse shoulder arthroplasty may be particularly useful in the setting of a biconcave glenoid. The semiconstrained design of a reverse shoulder prosthesis may provide a solution to the static posterior instability of the humeral head. Additionally, when the surgeon is attempting to achieve glenoid component stability, the screw fixation of the glenoid baseplate in a reverse shoulder arthroplasty may be advantageous compared with the cemented polyethylene glenoid typically used in an anatomic total shoulder arthroplasty.
The steps to treat a shoulder with an arthritic B2 glenoid with use of the Aequalis reverse total shoulder arthroplasty (Tornier, Edina, Minnesota) are as follows.
Step 1: Preoperative Planning
Obtain a preoperative computed tomography (CT) scan and make a detailed preoperative plan for reaming and bone-grafting.
• Obtain a preoperative CT scan (see Appendix, CT Protocol). • Plan to implant the metaglene (metallic glenoid baseplate of the reverse prosthesis) with 0° to 10° retroversion (Video 1). • Plan to not ream eccentrically >10 mm in order to avoid issues with (1) insufficient residual glenoid bone stock for adequate metaglene fixation and (2) overmedialization of the glenosphere (metallic glenoid hemisphere that is attached to the metaglene), resulting in rotator cuff weakness as a function of loss of tension. • Details on planning the bone graft include (Video 1):
o For a glenoid that is 30 mm in the anteroposterior direction, our recommended maximum of 10 mm of eccentric reaming results in a correction of 20° of retroversion.
If your preoperative plan requires additional correction, then use bone graft from the humeral head, if available, or the iliac crest, if necessary.
o We discourage using grafts with a mediolateral thickness larger than 10 mm in order to avoid problems with healing. In the example of a 30-mm glenoid, a 10-mm bone graft will result in a maximal correction of an additional 20° of retroversion. That means that if you accept a maximum of 10° of retroversion for the baseplate, it is possible to implant all components in a one-stage operation if the glenoid retroversion is ≤50° (correct 20° with eccentric reaming + 20° with an asymmetric graft + 10° of "accepted" baseplate retroversion).
o If the retroversion to be corrected is >50°, we suggest you perform a two-stage operation: one surgical procedure to reconstruct the glenoid with iliac crest bone graft fixed with two metallic screws, and a second surgical procedure to implant the reverse total shoulder arthroplasty with now more adequate glenoid bone stock.
Step 2: Surgical Approach
Perform a standard deltopectoral approach.
• Perform a standard deltopectoral approach, including a release of the superior 2 cm of the pectoralis major tendon. • Tenotomize the subscapularis tendon at the level of the anatomical neck or use your preferred method for taking down the subscapularis. Retain the supraspinatus and infraspinatus, if present.
Step 3: Humeral Preparation
Prepare the humerus in a way that allows you to retain the humeral head for bone-grafting, being careful not to make an overly conservative first cut that effectively splits the intended bone graft.
• Retain the supraspinatus and infraspinatus tendons if possible, but do not attempt to repair any tears discovered intraoperatively. • Dislocate and cut the humeral head either according to the "anatomic" retroversion with a 155° guide or after harvesting a bone graft if you use a BIO-RSA (bony increased-offset reverse shoulder arthroplasty), which is the proprietary Tornier structural glenoid bone-grafting system 12 . • Perform the humeral preparation before or after the glenoid preparation, depending on your preference.
Step 4: Glenoid Exposure
Proper glenoid exposure is an essential element of this operation and even more difficult for the B2 glenoid than in a standard total shoulder replacement.
• Before attempting an advanced reconstruction of a B2 glenoid, perfect your glenoid exposure technique on less challenging glenoids. • For the present technique, retract the humerus posteriorly with a humeral head retractor that sits on the posterior lip of the glenoid. We do this prior to the humeral head cut (Video 2). • Using the traction stitches of the subscapularis, draw it into the joint to stretch the middle glenohumeral ligaments to allow it to be cut with scissors (Video 2). • Identify the inferior glenohumeral ligament just behind the muscular inferior part of the subscapularis to allow it to be cut safely from anterior to posterior (Video 2). • After ensuring that the subscapularis is released superiorly from the subcoracoid adhesions, posteriorly from the middle glenohumeral ligament and the glenoid, and inferiorly from the inferior glenohumeral ligament, bury it in the subscapularis fossa with a sponge and an anterior glenoid retractor. At this point you should be able to visualize the anterior aspect of the glenoid (Video 2). • Excise the subcoracoid bursa, biceps tendon, and anterosuperior aspect of the labrum (Video 3). • Release the labrum and the inferior glenohumeral ligament off the glenoid from 5 o'clock to 7 o'clock, making sure to stay in contact with bone to avoid injury to the axillary nerve. As you do this, the humeral head glenoid retractor should have less tension and the posterior exposure of the glenoid should improve (Video 3). • If the posterior glenoid exposure is poor, try releasing more of the inferior labrum and a portion of the triceps muscle, which is often tight. If the exposure is still poor, try repositioning the arm and the humeral head retractor.
Step 5: Glenoid Preparation
Having adequately visualized the glenoid, ream the anterior aspect of the glenoid in a way that executes your preoperative plan; do not ream >1 cm.
• Implant the guide pin by aiming it at the "centering point" described by Matsen et al. 13 (Video 4). • In addition to correcting retroversion, make sure to include inferior tilt in the positioning of the guidewire so that reaming will leave the final glenoid construct in 10° of inferior tilt (Fig. 2 ). • Ream down the anterior aspect of the glenoid according to your preoperative plan (Video 5), stopping periodically to evaluate the extent of reaming (Video 6), and finish reaming to coincide with your preoperative plan (Video 7). In most cases reaming should proceed until slightly more than the anterior 50% of the glenoid face is reamed, which leaves the posterior half of the glenoid unreamed to receive the bone graft. • Drill the hole for the central post with a cannulated drill on the guide pin (Video 8) and use a small drill to create several peripheral holes. We believe that this enhances osseous ingrowth into the graft (Video 9). • Place the bone graft onto the central post of the metaglene component and fashion it to conform to the prepared glenoid (Video 10). • Insert the metaglene with the attached bone graft into the glenoid (Video 11). • In the setting of bone-grafting, it is important to use a metaglene with a long central peg (25 mm) that penetrates the native glenoid and not only the bone graft.
Step 6: Glenoid Fixation
Use the screws to compress the bone graft between the metaglene and the native glenoid.
• In contrast to the "off axis" screw placement often suggested for standard reverse arthroplasty, we advocate screw placement that is perpendicular to the bone graft in order to gain maximal compression. • The inferior screw, in particular, should be horizontal and not angled inferiorly in order to avoid issues with notching (Video 12). • After tightening these compressive screws sequentially (Video 13), finish your fixation by placing anterior and posterior locking screws (Video 14). • Insert the glenosphere onto the metaglene.
Make sure to seat the Morse taper properly before sequentially impacting and screwing in the glenosphere several times to ensure appropriate fixation (Video 15). This is another step where proper exposure is critical, as it allows the surgeon to visualize the metaglene well enough to remove any soft tissue and line up the glenosphere "in axis" with the metaglene. We recommend using a 36-mm glenosphere in women and a 42-mm glenosphere in men.
Step 7: Closure
Proceed with your standard closure.
• Reduce the humerus and, if possible, repair the subscapularis tendon with transosseous nonabsorbable sutures. • Perform a soft-tissue biceps tenodesis into the pectoralis major tendon if the tendon is still present.
• Close the skin with your preferred method.
Results
We presented our results of this procedure in twentyseven shoulders in twenty-seven patients with a mean duration of follow-up of fifty-four months (range, twentyfour to 139 months) 14 . Four patients (15%) experienced a complication, and one of these complications illustrates perfectly a very important technical point-the baseplate loosened because the central peg was only 15 mm and did not anchor into native scapular bone. Two patients had transient postoperative nerve palsy, and one patient had a permanent ulnar nerve palsy. There were no instances of postoperative instability. The mean total Constant score increased from 30.6 points preoperatively to 76.3 points postoperatively (p < 0.05) 15 . In addition, all Constant subscores were significantly improved. At the time of final follow-up, twentyone patients (78%) were very satisfied, four (15%) were satisfied, and two (7%) were disappointed.
No correlation was observed between any of the angles of glenoid retroversion and the postoperative Constant score or postoperative range of motion. Likewise, no correlation was observed between the percentage of posterior subluxation and the postoperative Constant score or postoperative range of motion. Finally, there was no significant correlation between bone-grafting or notching and the functional outcome.
Radiographs made at the time of follow-up demonstrated grade-1 or 2 notching in 37% of the patients, with no grade-3 or 4 notching. All grafts but one healed.
What to Watch For

Indications
• Humeral head subluxation of >80% with respect to Friedman's line (Fig. 3 ). • Intermediate glenoid retroversion of >27° (Fig. 4) .
Contraindications
• Infection.
• Glenoid retroversion of >50°, which requires a two-step procedure.
Pitfalls & Challenges
• Preoperative planning with high-quality CT imaging is essential when preparing for this procedure, as it is very difficult to make a reasonable assessment of glenoid version intraoperatively. • Exposure of the posterior aspect of the glenoid is critical for this procedure. Inadequate visualization of the posterior aspect of the glenoid will result in poor placement of the bone graft and early failure of the glenoid construct.
Clinical Comments
• We have suggested that this procedure is appropriate for patients with posterior subluxation of >80% or glenoid retroversion of ≥27°. Disclosure: One or more of the authors received payments or services, either directly or indirectly (i.e., via his or her institution), from a third party in support of an aspect of this work. In addition, one or more of the authors, or his or her institution, has had a financial relationship, in the thirty-six months prior to submission of this work, with an entity in the biomedical arena that could be perceived to influence or have the potential to influence what is written in this work. No author has had any other relationships, or has engaged in any other activities, that could be perceived to influence or have the potential to influence what is written in this work. The complete Disclosures of Potential Conflicts of Interest submitted by authors are always provided with the online version of the article.
Fig. 1
Glenoid classification.
Fig. 2
Line diagram of an anteroposterior coronal view of the right scapula. Make sure to include inferior tilt in the positioning of the guidewire so that reaming will leave the final glenoid construct in 10° of inferior tilt. This will help both in tensioning the deltoid and using the implant to create compressive forces, which will aid in healing of the bone graft.
Fig. 3
The degree of humeral head subluxation is calculated by first drawing a perpendicular line through Friedman's line (a line drawn from the medial border of the scapula to the center of the glenoid) at the widest point of the humeral head. Then the length of the portion of this line that lies posterior to Friedman's line (y) is divided by the total length of the line (x + y).
Fig. 4
Intermediate glenoid retroversion is defined as the angle between the scapular body and a line drawn from the anterior lip of the glenoid to the posterior lip of the glenoid. This is contrasted here with the paleoglenoid (considering only the anterior concavity) and the neoglenoid (considering only the posterior, or secondary, concavity). Fig. 1 
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